Chronic Obstructive Pulmonary Disease (COPD) is characterized by progressive air flow obstruction that is not completely reversible, and is related to an abnormal inflammatory response in the lungs against harmful particles and gases. The prevalence, morbidity, and mortality of the disease have been increasing in recent years.\[[@ref1]\] According to the World Health Organization (WHO), COPD has become the fourth most common cause of deaths in the world.\[[@ref2]\] The inflammatory response found in the lungs is also present in peripheral airways, parenchyma, and in the walls of pulmonary veins. In COPD, an inflammatory response similar to that in the lungs is also observed in systemic circulation.\[[@ref3]\] Local and systemic inflammation, together with arterial hypoxemia and oxygen delivery to tissue, are known to influence the prognosis of COPD.\[[@ref4]\]

In many chronic inflammatory diseases, changes occur in iron metabolism. Hepcidin, a recently discovered hormone responsible for regulating iron homeostasis, is becoming increasingly important as a possible inflammatory marker. Hepcidin (hepatic bactericidal protein) was discovered by Park *et al*.,\[[@ref5]\] is synthesized in the liver, has a role in iron metabolism, and is coded by human hepcidin gene (HAMP; OMIM 606464) located on chromosome 19q13.1.\[[@ref6][@ref7]\] Hepcidin has a regulatory role in inflammation, the immune system, and iron metabolism. It has been shown that hepcidin and proinflammatory cytokine interleukin 6 (IL-6) which is an important inducer of hepcidin synthesis during infection and inflammation.\[[@ref7]--[@ref9]\] Human hepcidin is classified as a type 2 acute phase protein.\[[@ref10]\] Hepcidin is suppressed by both anemia and hypoxemia.\[[@ref11]\]

The hepcidin level increase during inflammation is directly correlated with ferroportin in macrophages, hepatocytes, and duodenal enterocytes, and stimulates cellular ingestion. Thus, it is involved in cellular iron retention and prevention of iron loss into the plasma.

In this study, the serum hepcidin levels of patients with mild, moderate, and severe COPD, as classified according to criteria of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2009\[[@ref1]\] were measured and compared with each other and with a control group. The aim of this study was to examine a possible relationship between serum hepcidin level and severity of COPD.

Methods {#sec1-1}
=======

Seventy-four male patients aged 45 to 75 years who were diagnosed with COPD according to the GOLD 2009 criteria between June 2010 and December 2010, and who were in stable condition were included in this study, which was done at the Diskapı Yildirim Beyazit Trainig and Research Hospital Chest Diseases Clinic. The patients were divided into three groups according to the GOLD criteria as follows: Group I: Mild COPD (*n*:25), Group II: Moderate COPD (*n*:24), and Group III: Severe COPD (*n*:25). Thirty-five healthy non-smoker males above 40 years of age with no chronic diseases were used as the control group (Group IV, *n*:35). COPD was excluded in the control group by physical examination and respiratory function tests.

The severity of the COPD was categorized into mild (forced expiratory volume in one second/forced vital capacity \[FEV~1~/FVC\<0.70, FEV~1~≥80% predicted), moderate (FEV~1~/FVC\<0.70, 50%≤FEV~1~\<80% predicted), and severe (FEV~1~/FVC\<0.70, 30%≤FEV~1~\<50% predicted).

The treatment of our patient\'s protocols was explained to GOLD criteria.\[[@ref1]\] Anemia was defined as Hb\<12 g/dl in male. Baseline arterial oxygen saturation was defined ≤88%. All of the patient groups and control group included in the study had C-reactive protein (CRP) levels within the normal limits (upper normal level, 10 mg/l).

The study included patients with COPD over 40 years of age, having a diagnosis of COPD according to the GOLD 2009, being at a stable phase of COPD and volunteering for the study. Our exclusion criteria were an acute COPD exacerbations in the last 3 months (increased cough, dyspnea, sputum production, and/or purulence),\[[@ref1]\] other infections, a blood transfusion in the last 6 months, anti-inflammatory therapy (oral, parenteral systemic glucocorticosteroids) within the last 3 months, and anemia within the last 6 months.

Demographic information and the smoking history of patients were recorded. Body mass indexes (BMI; kg/m^2^) were calculated for all groups. Respiratory function tests were performed in all patients at the respiration laboratory of our clinic using a Jaeger spirometer according to Thoracic Society (ATS) guidelines. FEV~1~, FVC, and FEV~1~/FVC (Tiffeneau index) parameters were measured at least three times and the values were recorded.

The lung graphs of the patients were evaluated. The patient groups and control group also underwent physical examinations.

In all patient groups and control group included in the study, blood and serum samples for full blood testing were taken in the morning on an empty stomach. Serum iron, total iron binding capacity, ferritin, hemoglobin, and hematocrit (hct) levels were assessed using standard laboratory methods. Serum samples for hepcidin were centrifuged for 10 minutes at 3000 rpm and stored at --20°C.

A hepcidin prohormone enzyme immunoassay kit (RE 54051, IBL) was used for serum hepcidin measurement. Also, a sample from the radial artery for arterial blood gas analysis was obtained.

The study was planned in accordance with the suggestions of the Helsinki Document and Dışkapı Yıldırım Beyazıt Research and Education Hospital\'s ethic commission. Signed consent forms were obtained from all the patients who volunteered.

The statistical method {#sec2-1}
----------------------

SPSS 15.0 (SPSS Inc; Chicago, III) package program was used for statistical analysis of the data. Mean±SD or median and range (min-max) were used to present continuous variables. Continuous variables which were normally distributed were reported as mean and SD and those which were not normally distributed were reported as median and range. The Kruskall-Wallis test was used to compare medians of the hepcidin levels of the COPD patient groups. There was said to be a statistically significant difference between groups when *P*\<0.005. In that case, difference groups were determined by the Mann-Whitney *U* test and Bonferroni correction. The relationship of hepcidin levels with other variables was examined using the Spearman Correlation coefficient. Correlations in which *P*\<0.05 were interpreted as normal. The median level was used in order to present some data which were normally distributed.

Results {#sec1-2}
=======

Demographic information and laboratory results of the patient groups and control group are shown in [Table 1](#T1){ref-type="table"}.

###### 

Demographic information and laboratory characteristics of COPD patient groups and control group
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Age (year) {#sec2-2}
----------

The ages of the 74 male COPD patients included in the study were between 45 and 75 years. The patients in the lowest age group were found to have severe COPD patient group (61.04 ± 7.17 years). The highest age group had mild COPD patient group (62.48 ± 8.79 years). The mean age of the moderate COPD patient group were found to be 62.33 ± 9.93 years. The mean age of the control group was 59.04 ± 8.17 years.

Body mass index (BMI, kg/m^2^) {#sec2-3}
------------------------------

Of the COPD patients, the highest median BMI levels were seen in the moderate COPD patient group (median: 24.6 (20.8-39.2)). The BMI of the mild COPD patient group were 23.8 (20-36.3), for the severe COPD patient group were 22 (1828), and for the control group was 26 (21.5-39.8).

Cigarette consumption per year (cigarette package/year) {#sec2-4}
-------------------------------------------------------

The average cigarette pack consumption per year in severe COPD patient group was the highest 38.7 (21-53), whereas it was the lowest in mild COPD patient group and the control group consisted of non-smokers.

Serum hepcidin level {#sec2-5}
--------------------

Among the COPD patient groups, the hepcidin level in the mild COPD patient group had the highest median level (226.860 ng/ml (172.56-315.57)), and the severe COPD patient group had the lowest median hepcidin level (197.52 ng/ml (108.00-265.24)). The median level of the moderate COPD patient group was found to be (200 ng/ml (149.74-259.41)). The median level in control group was 240.09 ng/ml (114.64-361.30). The serum hepcidin level in the mild COPD patient group was higher than the moderate and severe COPD patient groups. There was no difference in terms of hepcidin levels between the moderate and severe COPD patient group (*P*=0.624) and there was difference in hepcidin levels between mild and severe COPD patient groups (*P*=0.003). Each COPD patient group was compared with the normal group using the nonparametric statistical method, the Mann-Whitney U test. There was no difference between the healthy control group and the mild COPD patient group (*P*=0.781), whereas there was a difference between the control group and the moderate (*P*=0.004) and severe (*P*=0.002) COPD patient groups. The hepcidin level of the control group was higher than the moderate and severe COPD patient groups. [Figure 1](#F1){ref-type="fig"}shows the box plot graphs of the serum hepcidin levels in COPD patients and control group. Serum hepcidin levels were lower in the COPD patients than the control group, and decreased by severity of COPD.

![Serum hepcidin level in patient with COPD and control group](ATM-7-31-g002){#F1}

Blood parameters related to iron (iron, total iron binding capacity, ferritin, hemoglobin, hematocrit) {#sec2-6}
------------------------------------------------------------------------------------------------------

There was no anemia in all groups. Of the COPD patient groups, blood parameters related to iron were evaluated and median levels were found to be within normal limits.

The correlations between the serum hepcidin levels of the COPD patient groups and age, BMI, FEV~1~/FVC level, and laboratory parameters are shown in [Table 2](#T2){ref-type="table"}.

###### 

Correlation between serum hepcidin levels of COPD patient groups with other laboratory parameters
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Correlations found to be significant between the mild chronic obstructive pulmonary disease patient group serum hepcidin level and other variables {#sec2-7}
--------------------------------------------------------------------------------------------------------------------------------------------------

A positive correlation was found between serum hepcidin levels and BMI (*r*=47, *P*=0.01) and hepcidin level and arterial oxygen saturation (SaO~2~, %) (*r*=0.44, *P*=0.02).

Serum hepcidin level in the moderate chronic obstructive pulmonary disease patient group {#sec2-8}
----------------------------------------------------------------------------------------

There was no significant correlation between the serum hepcidin level and any other variables.

Significant correlations found between the severe chronic obstructive pulmonary disease patient group serum hepcidin level and other variables {#sec2-9}
----------------------------------------------------------------------------------------------------------------------------------------------

There was a negative correlation between serum hepcidin level and the ages of patients (*r*=0.57, *P*=0.003), packs of cigarettes consumed per year (*r*=0.55, *P*=0.004). There was a positive correlation between serum hepcidin level and hct (*r*=0.51, *P*=0.009), iron (*r*=0.74, *P*=0.000), ferritin (*r*=0.49, *P*=0.001), Pa02 (*r*=0.79, *P*=0.000), SaO~2~(*r*=0.61, *P*=0.001), and FEV~1~/FVC level (*r*=0.53, *P*=0.006).

Discussion {#sec1-3}
==========

The serum level of hepcidin that increases with inflammation and decreases with hypoxia and anemia brings into mind that COPD can be controlled by a complex alarm network. Hepcidin is a liver-produced peptide implicated in the anemia of inflammation.\[[@ref10]\] Inflammation increases hepcidin expression. Also, serum hepcidin was abnormally increased in patients with inflammation (CRP\>10 mg/l), in patients with multiple myeloma\[[@ref12][@ref13]\] and in patients with chronic kidney disease\[[@ref14]\] without associated inflammatory disorders. In a study, it was found that hepcidin was expressed by airway epithelial cells and was induced by both interferon gamma and IL-6 in a cell-specific pattern andmay serve as a protective factor through its direct antimicrobial effects.\[[@ref15]\]

In another study it was shown that hepcidin is also produced in mouse macrophages infected with intracellular Mycobacteria.\[[@ref16]\] However, there are conflicting findings about serum hepcidin level related to acute and chronic inflammation in the literature. In a previous study, the pro-hepcidin concentration was significantly higher in the patients with active rheumatoid artritis (RA) than those with inactive to moderate RA.\[[@ref17]\]

On the other hand, in another study, it is reported that RA patients have higher serum concentration of pro-hepcidin than patients with systemic lupus erythematosus and healthy volunteers, but the pro-hepcidin concentration does not correlate with RA disease activity scores, tumor necrosis factor-*alpha* (TNF-α), or IL-6.\[[@ref18]\] All of our patient groups were in stabilface of the COPD. Our patient groups and control group had no anemia and high serum CRP levels. Hepcidin plays a crucial role in the anemia of chronic disease. We think that in our severe COPD patient group, the decrease in serum hepcidin levels is related to hypoxemia rather than inflammation. In our study, serum hepcidin levels were significantly different between the healthy control group and the moderate COPD patient group (*P*=0.004), between healthy control group and severe (*P*=0.002) COPD patient group, between the mild and moderate COPD (*P*=0.001) patient groups, and between the mild and severe COPD (*P*=0.003) patient groups. These findings suggest that hepcidin could be an important marker which could be used to evaluate the disease state. In COPD patients, tissue hypoxia occurs when the partial oxygen pressure (Pa02) falls below 60 mmHg which causes systemic effects. Serious complications may occur when vital organs cannot receive sufficient oxygen. Hypoxemia is seen more in the severe COPD patient group than in the mild and moderate COPD patient groups. Systemic hypoxia reduced hepcidin production in the liver. However, the molecular mechanisms in which hypoxemia plays a role to repress hepcidin production has not yet been fully understood.\[[@ref19]\] In our severe COPD patient group, there was positive correlation between serum hepcidin levels and Pa02 (*P*=0.000). This result demonstrates that there is a correlation between the degree of hypoxemia and the serum hepcidin level in the severe COPD patient group.

Along with the age, a decrease in lung and chest wall compliance, an increase in prevalence of a ventilation-perfusion disorder, low arterial oxygen pressure, and an increase in physical dead space make hypoxemia more apparent. In our study, in the severe COPD patient group, serum hepcidin levels decreased with aging (*P*=0.003). However, this relation may come from multifactorial reasons and more likely to be related to hepatic function.

The hepatic synthesis of hepcidin increases when serum iron concentration goes up. In contrast, hepcidin synthesis decreases when there is iron deficiency. Our results showed that the serum hepcidin level increased with increasing hct (*P*=0.009) and serum iron (*P*=0.000) levels in the severe COPD patient group. Hepcidin production also correlated with the serum ferritin level. It was found that the serum hepcidin level increased when the serum ferritin level increased (*P*=0.012) in the severe COPD patient group.

Further studies are needed to clarify this issue and the role of inflammatory and iron regulatory pathways in hepcidin synthesis in COPD patients.

BMI has a negative effect on the quality of life of patients with COPD, and previous studies have found a relationship between poor prognosis, mortality, and BMI.\[[@ref20][@ref21]\] In one study, no relationship was found between TNF-α, interferon-γ (IFN-γ) and hepcidin.\[[@ref9]\] A number of studies have found a relationship between low BMI and TNF-α.\[[@ref22][@ref23]\] Also, The correlation between serum hepcidin levels and BMI was shown in some studies on obesity.\[[@ref24]--[@ref26]\] All of our patients had normal or low BMI. In our study, no relationship was found between BMI and serum hepcidin levels in the moderate and severe COPD patient groups. Only a positive correlation was found between hepcidin levels and BMI (*P*=0.01) in mild COPD patient group.

Impaired pulmonary function is a strong risk factor for the development of COPD and a marker of disease severity. In our study, no relationship between respiratory function parameters and hepcidin in the mild and moderate COPD patient groups was found, whereas there was an increase in the hepcidin level (P=0.006) with the increase in the FEV~1~/FVC level in the severe COPD patient group.

Limitation of the study {#sec2-10}
-----------------------

The limitation of the study is that many of the patients admitted to our clinic for COPD were either in an inflammation stage or had additional diseases. Therefore, we think that more studies using a larger number of patients need to be done.

Conclusion {#sec1-4}
==========

As far as our best knowledge from the literature, our study is the first study that shows the relationship between serum hepcidin level and hypoxemia in the COPD patients. The relationship between the increase in the severity of the disease and the decrease of the hepcidin level was found to be significant. We suggest that hepcidin may play an important role in COPD. Our clinical findings are in conformity with recent experimental studies defining hepcidin as a useful marker in COPD.
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